We provide a comprehensive empirical analysis of the links between international services outsourcing, wages and innovation using plant level data covering the period 2000 to 2004. Somewhat consistent with the predictions of recent theory, we observe a positive relationship between international outsourcing of services and innovative activity, measured in terms of R&D, at the plant level. However, we only find evidence for such positive effects for plants in manufacturing, not in services sectors. Furthermore, this positive effect of international services outsourcing on innovation does not appear to be mediated through wages as proposed by theory.
Introduction
Firms outsourcing service activities abroad frequently make media headlines. This is mainly due to the fear that such outsourcing, or offshoring, leads to job losses in the domestic economy. Following this media attention, advances in theoretical modelling and data availability have increasingly allowed academic economists to also concern themselves with this phenomenon. For example, Amiti and Wei (2006) using industry level data for the US show that international outsourcing of services is still at low levels, and that there are no strong labour market effects discernible. However, their data only go as far as 2000 and, arguably, much has happened in terms of outsourcing since the turn of the century.
A standard reply by academic economists to the public "fear" of international outsourcing is of course that outsourcing of some, usually relatively skill intensive industries, allows for a restructuring in the economy towards more skilled and technology intensive production. The economy will also be able to specialise more on innovation activities. Recent theoretical papers in line with this argument are by, for example, Eaton and Kortum (2006) , Broda et al. (2006) and Glass and Saggi (2001) . However, whether outsourcing indeed leads to such positive restructuring towards innovation and technology is empirically largely unchecked. This paper contributes to this debate in the literature by analysing empirically the link between international outsourcing and innovative activity at the level of the individual establishment. We ask the specific question of whether a firm that outsources some of its service activities abroad, consequently increases its rate of innovation -which is what the theoretical argument would suggest. For the empirical analysis we use plant level data for the Republic of Ireland, an economy where international services outsourcing appears to be much more important than in the US, as a rough comparison of our data with Amiti and Wei (2006) in Section 4 suggest. Our data comprise plants in both manufacturing and services sectors, and we exploit this dimension in the data to check whether there are differences across these two broad sectoral categories. The time period for our analysis is 2000 to 2004, which captures much of the very recent activity in international outsourcing.
In our analysis we also pay particular attention to the possible endogeneity of the outsourcing decision using instrumental variables and 3 stage least squares (3SLS) techniques.
As far as we are aware, this paper is the first to address explicitly the link between international outsourcing and innovative activity.
1 While a number of papers have established that outsourcers are more productive than non-outsourcers, in line with theory, 2 only a small number of papers has investigated whether international outsourcing increases subsequently productivity at the industry or firm level (e.g., Görg et al., 2007, Amiti and Wei, 2006) . Our paper looks specifically at one particular channel identified in the theoretical literature that may explain such outsourcing-induced productivity benefits.
A recent fear even among proponents of international outsourcing is that developed countries started with outsourcing unskilled-intensive (manufacturing) production but have now moved to skilled-intensive (including services) activities also. If this process continues it may lead to a "hollowing out" of production in the industrialised countries. However, theory predicts that locating production abroad increases innovation and therefore helps firm to be profitable over the long run (Glass and Saggi, 2001) . Hence, if international services outsourcing indeed promotes innovation, there is a case to be made for its continuance. The reasoning is based on the impact of international outsourcing on the technical frontier. If involvement in international outsourcing causes the frontier to shift through further innovation, the technological gap between industrialised and industrialising countries remains and outsourcing is then a persistent strategy. Thus understanding the impact of international outsourcing on innovation is key to understanding whether we can expect international outsourcing to fizzle out or whether it is selfsustaining.
Our analysis shows that there are indeed positive effects of international services outsourcing on innovation, but we only find evidence for such in manufacturing, not in services sectors. Furthermore, we also find that the increase in innovation activity is not due to outsourcing leading to lower wages in the plant, the mechanism posited by Glass and 1 A related literature has looked at correlation between firms' export activity, foreign ownership and innovation, see, e.g., Criscuolo et al. (2005) for a recent paper for the UK. 2 For the theoretical motivation of such differences, see Antras and Helpman (2004) . For empirical analyses see Kurz (2006) for the US and Tomiura (2004) for Japan. 3 See Sinn (2006) for an argument along those lines made for the particular example of Germany.
1 Saggi (2001) . The remainder of the paper is structured as follows. In the next section we outline the background to outsourcing in more detail. This is followed by a description of our methodology and the data used. Then follows the analysis section and finally a short summary of our main findings.
Background
A sizeable amount of research has now been devoted to attempting to understand the causes and consequences of international outsourcing. Most research seems to have focused on the implications for domestic labour markets, see, for example, Feenstra and Hanson (1999) , Head and Ries (2002) and Hijzen et al. (2005) . Somewhat inspired by these studies, Glass and Saggi (2001) provide a theoretical model, based on Ricardian technology differences between an industrialized Northern and a less advanced Southern country, to explain the effect of outsourcing on wages in the North. In their model, potential wage savings will prompt the North to outsource those processes from the South which are relatively low in technological complexity and retain those other processes which are more truly original, innovative or relatively near the technological frontier. The predicted result is that the wage rate (relative to the South) in the North falls due to outsourcing.
While this result is not new, the innovation in Glass and Saggi (2001) is to set this into a dynamic setting, which shows additional positive effects of outsourcing. As cost savings are realised (due to the reduction in the wage in the North) firms' profits rise as a result.
These additional profits get reinvested (fully or partially) in Northern innovation through increasing R&D expenditure. Hence, the profits accruing to the firm from wage savings can be ploughed back into R&D or efforts to shift the technological frontier in the North further outward. As such the predicted effect of international outsourcing on innovation is unequivocal in the model: increased proportions of international outsourcing lead to higher innovation rates. 4 Hence, from earlier work and in particular the theoretical model in Glass and Saggi (2001) we would expect to be able to identify two effects of outsourcing in our data. First, international outsourcing should impact negatively on the wage rate and, second, it should raise innovative activity in the outsourcing firm.
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Note that the latter effect strictly speaking works through the wage channel -outsourcing reduces the wage, raises profits and hence increases innovation. More direct effects of outsourcing on innovation may also be conceivable which are not considered in the theoretical model. For example, outsourcing allows a firm to restructure its activities towards more skill intensive and innovative operations. Also, firms may learn new technologies through the imported inputs associated with international outsourcing which affects their knowledge base and hence innovative activity.
The two effects of international outsourcing on innovation and wages are what we examine in the empirical analysis below. Before doing so, however, we provide some empirical background on the practice of outsourcing service activities abroad.
With the advent of cheaper transport, improvements in telecommunication, reduction in computing costs and improvements in trade and investment liberalisation, the tradability of international services has risen (Gage and Lesher, 2005) . However, although services outsourcing is growing, its overall weighting in the basket of imported intermediates is still relatively low. According to Amiti and Wei (2006) , services offshoring in the US imports of computing and business services as a percentage of total production comprised only 0.3 percent in 2000, but it has been growing annually at 6.3 percent between 1992 and 2000.
Furthermore, the case for future growth in services outsourcing is compelling. According to a recent analysis by Deutsche Bank Research (2004) the hourly rates for computer programmers in Germany were €54 in 2004 comparable with rates of €44 in the US. In industrialising countries the same labour could be provided for €9.24 in Russia, €14 in Portugal and China €7 in India. Of course, these statistics hide any underlying productivity differences but they do nonetheless highlight wage differences and provide strong reasons for the outsourcing of international services.
Another phenomenon is the more integral part played by services in many industries hitherto considered as manufactures of tangible goods. A case in point is the car making industry. According to recent research by Gage and Lesher (2005) , the global car industry earns much of its profits by providing services, such as vehicle leasing or car loan financing.
Patterns of international services outsourcing do not necessarily conform to the traditional textbook predictions. It is generally assumed that activities with comparatively low skills intensities are outsourced to the South. However, we increasingly observe instances where the North outsources high technology service intermediates from the South e.g. computer programming and software development to Indian cities such as Hyderabad. It may be true therefore, that in some instances, North and South are very close to the technical frontier i.e there is less of a gap, when it comes to the production of services. Furthermore, it could be argued that traditional services outsourced by firms such as Janitorial and Maintenance (outsourced domestically) contribute less to innovative output than Product design which can increasingly now be outsourced abroad. If this is true, there is a de facto case for innovation to rise in response to increases in international (less so for domestic) outsourcing of services activities.
Methodology
In order to investigate the hypothesis that international outsourcing of services can impact on plants' innovation activity we formulate the following empirical model,
where the measure of innovation activity employed is the R&D intensity, defined as R&D expenditure over total sales, for plant i at time t. On the right hand side, outs is a measure of international outsourcing of services (defined as imported services inputs relative to sales), 6 wage is the average wage per employee, and X includes a number of other plant characteristics that are assumed to affect R&D activity. All of these variables are included as one year lags in order to minimise potential endogeneity problems, but also to allow for time lags in the effect. For example, services outsourcing in time t may only affect R&D activity in later periods. The equation also includes a full set of time and three digit industry dummies (d t and d j ). The final error term is composed of a plant specific time invariant effect µ and a remaining white noise error term ε.
The choice of variables in the vector of control variables X is guided by the existing literature. We include log employment as a proxy of firm size, a dummy variable equal to one if a firm is foreign owned as well as dummy variables if a firm invests in in-house training or is an exporter. The latter controls for the possibility that export active firms may also be more R&D intensive (e.g., Salomon and Shaver, 2005) . Training activity is included as a rough measure of skills. From theory, the expected relationship between this variable and R&D intensity is ambiguous, as investment in skills and R&D can be either complements or substitutes (e.g., Redding, 1996) . A foreign ownership dummy is included to allow for the fact that foreign-owned firms in Ireland are generally found to be less R&D active than domestic firms in Ireland (e.g., Cassidy et al., 2005) . Finally, due to economies of scale in R&D a positive relationship between plant size and R&D intensity may be expected (e.g., Kohn and Scott, 1982) . Glass and Saggi (2001) show that firms that experience reductions in wages, are able to spend more on R&D. We estimate equation (1) using a (within transformation) fixed effects estimator and, hence, the coefficients are identified using the within-plant variation (deviations from the mean) in variables. Specifically, that implies for the coefficient on the wage rate that it reflects the effect of within plant changes in wage rates on changes in R&D activity, as suggested by the model.
Taking the Glass and Saggi model seriously implies that we would expect the effect of services outsourcing on R&D activity to work via the wage channel. 7 Outsourcing reduces 6 This measure is, thus, somewhat in line with the definitions used by Feenstra and Hanson (1999) and Amiti and Wei (2006) for aggregate data. 7 To be precise, Glass and Saggi (2001) consider the relative wage, i.e., the wage in the developed North relative to the Southern wage rate. Our estimation differs in at least two respects. Firstly, we do not have data on a relative wage but only the average wage in a plant. Secondly, while Glass and Saggi assume one wage 5 wages and therefore allows more R&D activity. In our empirical model above we include services outsourcing directly in the equation to see whether there are any additional effects over and above the wage effect. For example, outsourcing of some stages of the production process allow the firm to restructure their activities and, hence, engage more in innovation, or the imported inputs allow firms to learn foreign technology and become more innovative.
Nevertheless, in order to allow more explicitly for the wage channel to work we also estimate a second equation
where Z is a vector of plant characteristics including log employment as a measure of size, the material intensity of production (defined as materials over sales), a foreign ownership dummy, as well as two dummies for plants that are exporters or provide in-house training.
From Glass and Saggi (2001) we would expect the coefficient γ 1 to be negative.
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In the first instance we estimate the two equations separately using a fixed effects panel estimator treating lagged outsourcing as exogenous. We relax this assumption subsequently using instrumental variables for the outsourcing variable in both equations.
Furthermore, it may arguably be the case that the two error terms ε and φ are correlated. In order to allow for this possibility we also estimate within-transformed versions (in order to purge the plant specific effect) of the two equations jointly using a three stage least square estimator also treating lagged outsourcing as endogenous.
Data description and preliminary analysis
For the econometric part of our paper, we use recent micro-data from the Republic of
Ireland. As such we should note a few points regarding the composition of Irish industry.
rate in the economy, our plant level data show strong heterogeneity in wage rates across plants which we exploit in the analysis. 8 Recall that this theoretical model only has one type of labour. If outsourcing raises the relative wage of skilled workers over-proportionally, then we may find γ 1 > 0 in our data.
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The landscape in Ireland is very much dominated by a phalanx of large multinational firms who account for much of overall output and exports (Lane and Ruane, 2006) . Many of these firms are especially active in a small number of knowledge intensive, export oriented manufacturing sectors including electrical and electronic equipment, medical instruments, chemicals and pharmaceuticals.
Against this background of high activity of foreign multinationals, it seems anomalous that Ireland registers a relatively low level of R&D intensity, a fact noted by the OECD (1998).
Total business expenditure on R&D in total amounted to only 0.8 percent of GDP which leaves Ireland closer to Mediterranean countries which in general are characterised by lowtechnology output than the Northern European countries which tend to have higher technological intensities and higher R&D expenditures.
We utilise plant level information from data collected by Forfás, the Irish policy and advisory board with responsibility for enterprise, trade, science, and technology in Ireland. total R&D expenditure at the plant level. Further data available from this source that is relevant to the current paper are total sales (as a measure of output), employment, the total wage bill, exports, expenditure on in-house training, nationality of ownership, and four digit sector of production.
9,10 with at least 10 employees, it is possible that some of the high mean values are driven by the tails of the distribution. Accordingly, it is useful to look at the median R&D intensity for the same period. The median values average at 0.1 percent over the 5 years for which we have data. Over the same time, however, we notice steady increases in the mean average wage for plants in our sample, from approximately €29,000 to €39,000.
[ Table 1 here]
Since we are investigating the relationship between international services outsourcing, wages per worker and the intensity of R&D, it is illuminating to format the same information across the group of firms who do not procure any internationally outsourced services at all and those who do. We see from Table 2 that firms reporting at least some internationally outsourced services, have higher R&D intensities and average wages. They are also larger in terms of employee numbers and export more, on average, than their counterparts who do not report any internationally outsourced services. However, we should note that there is a high standard deviation for these average values and therefore to investigate any systematic differences between wage per worker and R&D intensities, we need to control for all the covariates simultaneously and filter out any noise that is associated with such high standard deviations.
[ Table 2 here]
11 When we apply the median values, we get a picture more consistent with the US data although still higher. The media ratio of internationally outsourced service inputs to sales is between 0.5 and 1 percent for Ireland 8
Before we move on to the results from our regressions, it is worthwhile looking briefly at which sectors are most actively engaged in international outsourcing of services. To do so, Table 3 reports the percentage of plants in each sector, which outsource at least some services internationally. The first impression we get is that there is considerable sectoral variation in outsourcing. If we assumed no sectoral variation we should observe about 50 percent of plants in each sector engaged in international outsourcing, since we saw in Table   2 that approximately 50 percent of plants have no outsourcing activity.
Within the services sector, Transport and Storage, Personal services and Post & Telecommunications register the highest levels of internationally outsourced services.
However, according to Forfás, the coverage of our data is not as exhaustive for services sectors than it is for manufacturing and, hence, is somewhat biased towards the latter.
Within the set of manufacturing plants, at 59 percent the Textiles sector has the highest proportion of firms purchasing service inputs on foreign markets. However Chemicals, Machinery and Transport Equipment are in close range with percentages well over 50 percent also.
[ Table 3 here]
Econometric results
In order to investigate the relationship between international outsourcing of services and R&D activity more formally we now turn to the estimation of equations (1) and (2).
Columns (1) and (2) of Table 4 present the results of estimating the two equations separately using fixed effects (within transformation) techniques on the full data sample.
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For the R&D equation (column 1) we find that all variables are statistically insignificant.
Column (2) shows the results of the wage equation where we find that plant size is positively correlated with the average wage, a common finding in the literature which is usually referred to as the employer-size wage effect (e.g., Brown and Medoff, 1989) . All other variables are also statistically insignificant.
As pointed out in the above discussion of the data, our sample includes manufacturing and services plants. Pooling these together may perhaps account for the poor performance of the estimation thus far if coefficients are systematically different for plants in these two broad sectors. In order to allow for this possibility we divide the sample into manufacturing and services sectors and estimate equations (1) and (2) separately for the two sub-samples. Results are reported in columns (3) and (4) for manufacturing and (5) and (6) for services. These estimations unearth some substantial differences between plants in the two sectors.
For manufacturing, we now find that the wage has a negative and statistically significant effect on R&D activity. As our estimates identified over within-plant variation in the variables, this suggests that plants that reduce wages in t-1 are able to increase R&D activity in the next period. As such, this finding is in line with the theoretical ideas developed by Glass and Saggi (2001) . We also find that outsourcing has a positive and statistically significant effect on innovation. As we control for the wage rate this implies that outsourcing affects R&D through channels other than changes in wages, which is the mechanism highlighted by Glass and Saggi (2001) . Potential other explanations are that outsourcing allows restructuring of plants' operations towards more innovative-intensive activities, or that plants learn from imported inputs and therefore are able to innovate more.
Unfortunately, our data are not rich enough to try to discriminate between these potential hypotheses.
Turning to the wage equation in column (4) we still find a significant employer-size wage effect, although all other variables remain statistically insignificant. Most importantly from our point of view this suggests that changes in outsourcing intensity have no significant impact on the average wage in the outsourcing plant at least in the short run, although the coefficient is of a negative sign in line with Glass and Saggi (2001) .
The results in columns (5) and (6) for services industries are similar to the findings for the full sample. International outsourcing has no statistically significant impact on either R&D activity or the average wage in a plant. In fact, we only find support for the employer-size wage effect for services plants. All other coefficients, while signs are identical to those for the manufacturing sector, are statistically insignificant.
[ Table 4 here]
A potential criticism with the analysis thus far is that international outsourcing is treated as exogenous in both equations -arguably a strong assumption in particular in equation (1).
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While the lagged variable is intended to address this problem this may not be sufficient. In order to deal with this more appropriately we therefore now proceed to treat outsourcing explicitly as endogenous in both equations. We use three instruments for services outsourcing: first, a dummy indicating whether a plant exports to the UK, as well as the share of exports relative to sales by a plant that are directed to the UK rather than other export markets. The choice of these variables is inspired by Ruane and Sutherland (2005) who find that there is little evidence that Irish firms that export to the UK have performance premia compared to non-exporters. However, they find that Irish exporters compared to the rest of the world are clearly more productive, technology intensive and pay higher wages.
Hence, while exporting to the UK clearly indicates cross border engagement, which may also help to find partners for international outsourcing, this variable should be less correlated with R&D activity and wages. Furthermore, we use the percentage of inputs purchased over the web as an additional instrument. Again, this should be correlated with outsourcing but is likely to be orthogonal to either R&D or wages. We of course test for the validity and relevance of the instruments in the estimations. Table 5 presents the estimation results. Note that the instruments used for outsourcing are valid as indicated by the Sargan test for overidentifying restrictions, which cannot reject the hypothesis of instrument validity. Furthermore, we ascertain that the instruments used are relevant in that they exhibit sufficiently strong correlation with the instrumented variable.
It is recommended that the F-statistic for the excluded instruments 14 (and associated pvalue) from the first-stage regression be routinely reported in applied work. When the Fstatistic is small (or the corresponding p-value is large), the instrumental variable estimates and confidence intervals would be unreliable. Reassuringly, we find that our instruments are appropriate on this criterium in particular for our manufacturing sample. The p-value for services is somewhat lower and this has to be kept in mind when interpreting the results.
Reassuringly, the results for R&D in the manufacturing sector (columns 1) show that there are no substantial differences in the sign of the coefficients on outsourcing and wages to the ones reported earlier, although the magnitude of the effect of outsourcing on R&D has now increased somewhat to 4.8, implying that a one percentage point increase in the outsourcing ratio leads to an almost 5 percentage point increase in the R&D intensity in the plant. As before, we fail to find any statistically significant effect of outsourcing on wages in either manufacturing or services. For firms in the services sector that outsource foreign service intermediates, we also still fail to find a statistically significant coefficient on outsourcing in the R&D equation, although the sign on the coefficient is negative.
[ Table 5 here]
The analysis thus far treats equations (1) and (2) as unrelated and, hence, they are estimated separately. However, it is arguable that the error terms in both equations may be correlated as the dependent variable in (2), as well as other covariates, are also included as exogenous variables in equation (1). If this is the case then estimating the two equations jointly improves efficiency of the estimates. Hence, we now proceed to treat (1) and (2) as a system of equations and estimate them jointly using 3 stage least squares (3SLS)
techniques. We also treat outsourcing as endogenous using the same set of instruments as employed previously. The results are reported in Table 6 where we again differentiate manufacturing and services sectors.
For the manufacturing sector, our results in both equations are very much in line with the previous estimates although the magnitude of the coefficients has changed somewhat.
Specifically, the point estimate on outsourcing intensity in the R&D equation (column (1)) is now reduced to 2.5.
For the services sector, the joint estimation of the two equations has improved the statistical significance of some of the outsourcing variable in the R&D equation. Specifically, for this sub-sector we now find negative and statistically significant effects of services outsourcing on R&D activity, conditional on the other covariates. Hence, services plants that increase their outsourcing of service activities also appear to reduce their subsequent expenditure on R&D relative to sales.
In contrast to manufacturing plants, outsourcing for plants in the services sector may entail locating abroad some of their core activities which would have different implications for skill and technology intensity of the remaining operations than for manufacturing firms, which outsource some non-core services activities. Without knowing what types of services these firms outsource it is, however, impossible to interpret this result in more detail. Unfortunately, our data do not provide further detail by activities and, hence, this issue has to be left for further research.
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[ Table 6 here]
Conclusions
Recent breakthroughs in information technology and the wholesale adoption of purchasing media such as the Web have provided scope for an explosion in the proportions of services that are outsourced internationally. Theory has something to say about the predicted effect of internationally outsourced inputs on the ability of a firm to sustain growth through its growth in innovative activity. Current thinking posits that a firm becomes more innovative as the magnitude of internationally outsourced inputs increases through the mechanism of wages where labour savings translate into higher expenditure on innovative outputs.
We provide, to the best of our knowledge for the first time, a comprehensive empirical analysis of these links using plant level data covering the recent period 2000 to 2004. Our empirical results agree in part with the stylised facts of the effects of internationally outsourced inputs on innovation. Somewhat consistent with the predictions of Glass and
Saggi (2001), we observe a positive relationship between international outsourcing of services and innovative activity, measured in terms of R&D, at the plant level, but only for plants operating in the manufacturing sector. We do not find any such effect for plants in services industries. Furthermore, our analysis also shows that the positive R&D effect does not appear to work through the wage channel, as posited by Glass and Saggi. 15 We should qualify our findings by noting that theorised effects of international outsourcing on innovation as developed by Glass and Saggi (2001) describe international outsourcing in general rather than the specific case of services outsourcing. It may also well be the case that our result departs from the theoretical predictions if we admit the possibility that firms could use international services outsourcing as a means to improve skills levels within a firm and so allow for higher levels of specialisation. Our data cannot directly examine the effects of outsourcing on skills changes however.
Overall, the outsourcing of international services in manufacturing sectors is seen in our analysis as a force for the good: a firm's innovation rates rise, hence allowing plants to continue to shift their technological frontier further outwards and, hence, sustaining their competitive position. However this positive effect of international services outsourcing on innovation is not mediated through wages but results from other factors such as cost savings or even increased scope for specialisation. Identifying these channels provides much scope for further theoretical and empirical research. Furthermore, the impact of outsourcing on innovation in the services sector deserves further analysis. Variable definitions: as in Table 1 Note: median value of services outsourcing is 0, resulting in an equal split between firms with no and those with some services outsourcing in the raw data used in the summary statistics. Standard errors in parentheses * significant at 10%, ** significant at 5%; *** significant at 1% Instrumented variable is Outsourcing intensity. Instruments used are dummy for exporting to the UK, export intensity to UK, dummy for purchases of inputs via the web Standard errors in parentheses * significant at 10%, ** significant at 5%; *** significant at 1% Table 5 .
Standard errors in parentheses * significant at 10%, ** significant at 5%; *** significant at 1% 20
